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Synthesis of poly(hydroxamic acid) ligand
from polymer grafted corn-cob cellulose for
transition metals extraction
Md Lutfor Rahmana,b*, Bablu Hira Mandala, Shaheen M Sarkara,
Mashitah M Yusoffa, Sazmal Arshadb and Baba Mustab
Poly(hydroxamic acid) ligand was synthesized using ester functionalities of cellulose-graft-poly(methyl acrylate) co-
polymer, and products are characterized by Fourier transform infrared spectroscopy, field emission scanning elec-
tron microscopy, high-resolution transmission electron microscopy, and X-ray photoelectron spectroscopy
analysis. The poly(hydroxamic acid) ligand was utilized for the sensing and removal of transition metal ions form
aqueous solutions. The solution pH is found a key factor for the optical detection of metal ions, and the reflectance
spectra of the [Cu-ligand]n+ complex were observed to be the highest absorbance 99.5% at pH6. With the increase of
Cu2+ ion concentration, the reflectance spectra were increased, and a broad peak at 705 nm indicated that the
charge transfer (π-π transition) complex was formed. The adsorption capacity with copper was found to be superior,
320mgg1, and adsorption capacities for other transition metal ions were also found to be good such as Fe3+, Mn2+,
Co3+, Cr3+, Ni2+, and Zn2+ were 255, 260, 300, 280, 233, and 223mgg1, respectively, at pH6. The experimental data
show that all metal ions fitted well with the pseudo-second-order rate equation. The sorption results of the transi-
tion metal ions onto ligand were well fitted with Langmuir isotherm model (R2> 0.98), which implies the homoge-
nous and monolayer character of poly(hydroxamic acid) ligand surface. Eleven cycles sorption/desorption process
were applied to verify the reusability of this adsorbent. The investigation of sorption and extraction efficiency in
each cycle indicated that this new type of adsorbent can be recycled in many cycles with no significant loss in its
original detection and removal capability. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION
Heavy metal contamination in water has received increasing
attention globally for several decades because of their potential
threat to human and environment. The uses of metals with rapid
industrialization and domestic processes cause potentially toxic
into the aquatic system. Iron, cadmium, zinc, copper, nickel, lead,
mercury, and chromium are usually detected in industrial waste-
waters. These heavy metals originate from industrial discharges
such as metal plating, mining activities, smelting, battery
manufacture, tanneries, petroleum refining, paint manufacture,
pesticides, pigment manufacture, printing, and photographic
industries.[1] A number of methods have been used for the re-
moval of these metals from wastewater; the common methods
are precipitation, ion exchange and reverse osmosis, coagulation
and flocculation, membrane separation, biosorption, and adsorp-
tion.[2] However, most of the processes generate secondary
pollution.[2,3] Toxic metal precipitation also produces intractable
sludge that must be treated often with high disposing cost. This
drawback, together with the effective treatment, is essential for
the industrial effluents. The low-cost adsorbents may be consid-
ered an economical and effective method for removal of
different pollutants.[4,5] Many types of adsorbents are available
such as activated carbon,[6] mineral oxides,[7] bio sorbents,[8]
and chelating resins.[9–14] The increasing costs and environmen-
tal considerations associated with the use of commercial
adsorbents have led to a significant area of research aimed to
developing new low-cost adsorbents derived from renewable re-
sources.[15–19] However, these adsorbents still suffer from numer-
ous problems.[20,21]
Cellulose is an abundant renewable biodegradable natural
polymer, which could be chemically modified to obtain efficient
adsorbent for removal of toxic metal ions.[22] The cellulose back-
bone having primary or secondary hydroxyl groups can be
attached with chelating or metal ion binding functionalities. It
is a well-known cost-effective method that the desired mono-
mers can be grafted to the cellulose backbone via direct attach-
ment.[23,24] The ceric ion (Ce4+) have been utilized an excellent
radical creator at various sites on the cellulose backbone, which
are very reactive for immense grafting.[24] Further functiona-
lization of the grafted copolymer chains with known chelating
ligands for the formation of metal ions complexes is an essential
step in chelating mechanism.[25]
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